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Background: VEGF is a highly selective mitogen that serves as the central regulator of tumor 

angiogenesis by mediating endothelial proliferation, permeability, and survival. Tanibirumab 

(TTAC-0001) is a fully human IgG1 monoclonal antibody derived from a fully human naïve 

single-chain variable fragment (ScFv) phage library that was developed to inhibit the effects 

of VEGF in the treatment of solid tumors, especially those of the brain.

Methods: In the present study, we conducted intravenous pharmacokinetic studies of TTAC-

0001 in mice, rats, and cynomolgus monkeys. At the doses studied (3 mg/kg, 10 mg/kg, 30 mg/kg), 

TTAC-0001 exhibited dose proportionality in mice and monkeys. At a dose of ~10 mg/kg, the 

clearance of TTAC-0001 from serum was 0.017 mL/h in mice, 0.35 mL/h in rats, and 2.19 mL/h 

in cynomolgus monkeys, and the terminal half-life ranged from 20–30 h among the three species. 

Pharmacokinetic data in mice, rats, and cynomolgus monkeys were used to predict the pharma-

cokinetics of TTAC-0001 in humans using allometric scaling. The predicted serum clearance 

of TTAC-0001 in humans was 102.45 mL/h and the terminal half-life was 27.52 h.

Results: The maximum life span-corrected clearance value was 72.92 mL/h. The observed 

clearance in humans was more similar to the predicted scaled clearance. 

Conclusion: We investigated the pharmacokinetics of TTAC-0001 in mice, rats, and cynomolgus 

monkeys after intravenous administration. At the doses studied, TTAC-0001 exhibited dose propor-

tionality in mice and monkeys. The scaled pharmacokinetics of TTAC-0001 reported here was useful 

for designing first-in-human studies. Allometric scaling in the therapeutic antibody is feasible.

Keywords: VEGF2, tanibirumab, pharmacokinetics, allometry, clearance, biodistribution

Introduction
Angiogenesis is a crucial aspect of cancer cell survival, local tumor growth, and develop-

ment of distant metastases, as well as endothelial cell-mediated degradation.1–3 Among 

the factors involved in tumor angiogenesis,4 VEGF is a key positive regulator of tumor 

angiogenesis and endothelial proliferation.5 Specifically, tumor cells secrete VEGF to 

promote angiogenesis and maintain survival of the existing tumor vasculature. The cor-

relation between increased VEGF expression and tumor activity has been established 

previously.6,7 VEGF family members can be classified into VEGF-A (also termed 

VEGF), VEGF-B, VEGF-C, VEGF-D, and VEGF-E.8 Likewise, there are three VEGF 

receptors, namely, VEGFR-1 (fms-like tyrosine kinase receptor 1[Flt-1]), VEGFR-2 

(kinase insert domain-containing receptor [KDR]), and VEGFR-3 (Flt-4). VEGFR-1 

and VEGFR-2 are the main receptors associated with tumor vasculature and facilitate 
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a high level of angiogenesis activity, whereas VEGFR-3 is 

involved in lymph angiogenesis.9,10 VEGFR-2 is expressed 

on the surface of endothelial cells and is a key mediator of 

the mitogenic and angiogenic effects of VEGF signaling. 

Binding of VEGF to VEGFR-2 triggers receptor dimeriza-

tion, resulting in activation through transphosphorylation and 

downstream signaling including phosphatidylinositol 3-kinase 

(PI3K) and mitogen-activated protein kinase (MAPK).11 In 

addition, VEGFR-2 is overexpressed during tumor growth, 

and is generally three- to fivefold higher in tumor vasculature 

compared to normal vasculature.5

Various anti-angiogenic drugs have been developed 

to target the VEGF-2 pathway, and two small molecular 

inhibitors targeting the VEGF-2 pathway are currently avail-

able. Nexavar® (sorafenib; Bayer, Whippany, NJ, USA) has 

beneficial effects in patients with advanced hepatocellular 

carcinoma,12 while Sutent® (sunitinib; Pfizer Inc., New 

York, NY, USA) can be used to treat advanced renal cell 

carcinoma. However, appropriate management of the 

toxicities associated with these agents is necessary in order to 

maintain patients on treatment.13 In addition to sorafenib and 

sunitinib, Cyramza® (ramucirumab; Eli Lilly and Company, 

Indianapolis, IN, USA), a monoclonal antibody to VEGFR-2, 

has been reported to produce a survival benefit when used 

in combination with conventional chemotherapy for patients 

with metastatic colorectal carcinoma.14 Hypertension is a 

commonly reported adverse event during treatment with 

ramucirumab, and other adverse drug reactions have 

restricted its use in some patients.15

Tanibirumab (TTAC-0001; PharmAbcine, Daejeon, 

Korea) is a fully human IgG1 monoclonal antibody derived 

from a fully human naïve single-chain variable fragment 

(ScFv) phage library. TTAC-0001 neutralizes the biological 

activity of VEGFR-2 by inhibiting angiogenesis and tumor 

growth. TTAC-0001 exhibits robust antitumor activity with an 

efficacious dose range of 0.1–10 mg/kg in colorectal, breast, 

lung, and glioblastoma tumor models.11 In addition, TTAC-

0001 has been shown to inhibit VEGF-mediated signaling 

pathways in a dose-dependent manner in a mouse model.11

In the present study, we investigated the time-dependent 

tissue distribution of TTAC-0001 in mice implanted with 

K-562 cells. Pharmacokinetic studies were conducted in 

mice, rats, and cynomolgus monkeys after intravenous (IV) 

administration of TTAC-0001. The pharmacokinetic data in 

animals were used to predict the disposition of TTAC-0001 

in humans using allometric scaling. Simple allometric scaling 

has been successfully applied based on the interspecies 

pharmacokinetic extrapolations.16 The estimated volume of 

distribution and clearance using allometric scaling was used 

to select the starting dose in the Phase I trial17 and blood 

sampling point for pharmacokinetic analysis.

Last, we compared the pharmacokinetic results of a 

Phase I clinical trial17 of TTAC-0001 to scaled data from 

animal models, and assessed the feasibility of allometric 

scaling in the therapeutic antibody for future studies.

Methods
Materials
TTAC-0001 manufactured using recombinant DNA technol-

ogy was expressed in a genetically engineered Chinese hamster 

ovary cell line. CHO-DG 44 (Dihydrofolate reductase [dhfr] 

deficient CHO) used in cell line development for TTAC-0001 

production was used by purchasing CHO-DG44 cGMP MCB 

(Bank No 233) from Thermo Fisher Scientific, Waltham, 

MA, USA. The protein was available as a clear-to-slightly-

opalescent sterile liquid at a concentration of 20 mg/mL. 

Male BALB/c mice (17–22 g) were housed as a group, male 

Sprague Dawley rats (189–197 g) were housed individually, 

and male cynomolgus monkeys (Macaca fascicularis) weigh-

ing between 1.9 and 2.4 kg were acclimated for 3–4 weeks. 

All animals were provided ad libitum access to food and 

water. These studies were conducted in compliance with all 

regulations that can be applied to the management and use of 

laboratory animals and monitored by the Institutional Animal 

Care and Use Committee of Korea Institute of Toxicology, 

KRICT (AAALAC International Accreditation in 1998). All 

studies were approved by the Institutional Animal Care KIT 

Study (No: G11008, G11009, and G11079) and Use Committee 

and were performed in accordance with the guidelines.

TTAC-0001 distribution study in K562 
cell-implanted mice
K562 melanoma cells were injected subcutaneously in 

athymic female BALB/c mice. Tumor xenograft-bearing 

mice were selected 14 days after injection (tumor volume: 

200–300 mm3). A biodistribution study was performed with 

mice injected via the tail vein with 125I-labeled TTAC-0001 at 

15 mg/kg. After 24, 48, 72, 120, and 168 h, the tumor, blood, 

and major organs from each of three mice were removed, 

weighed, and counted in a gamma scintillation counter to 

determine the %ID (isotope distribution)/g.

IV administration of TTAC-0001 in rats 
and mice
Mice were treated with 3, 10, or 30 mg/kg of TTAC-0001. 

In each group, the treatment (n=3 at every time point; 
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total n=45) was administered through a single IV injection 

in the tail vein. Blood was collected on day 1 pre-dose, after 

dosing at 0.25, 0.5, 1, 2, 6, 12, and 24 h, and on post-dose days 

2, 3, 5, 7, 10, 14, and 21. At each sampling time three mice 

were sacrificed, blood was collected via cardiac puncture, and 

serum was harvested. For rat studies, the animals received 3, 

10, or 30 mg/kg TTAC-0001 as a single IV bolus injection 

via a femoral vein catheter. Blood samples (0.4 mL) were 

collected via a jugular vein cannula. Samples were collected 

before dosing on day 1, post-dose at 0.25 and 0.5 h, and on 

post-dose days 2, 3, 5, 7, 10, 14, and 28.

Intravenous administration of TTAC-0001 
in cynomolgus monkeys
Animals were randomized into three groups (n=6 per group). 

Each monkey received a single IV injection of 3, 10, or 

30 mg/kg TTAC-0001 via the saphenous vein. Blood samples 

(1 mL) were collected from the cephalic vein pre-dose and 

post-dose at 0.5, 1, 2, 6, 12, and 24 h, and on post-dose days 

2, 3, 5, 7, 10, 14, 21, 28, 35, and 42. Serum was harvested 

and stored below 60°C until analyzed.

Intravenous administration of TTAC-0001 
in humans
A Phase I clinical trial of TTAC-0001 was previously con-

ducted in patients with refractory solid tumors, and the clinical 

outcomes of this study have been published.17 The study was 

approved by the Institutional Review Board at Samsung 

Medical Center and registered with ClinicalTrial.gov under 

the identifier NCT#01660360. For the study, the first 1-hour 

infusion of TTAC-0001 was used for pharmacokinetic analy-

sis. After infusion, blood was collected at 0, 0.5, 2, 4, 24, and 

72 h. According to the dose escalation scheme, TTAC-0001 

was infused for 1 h at nine different dose levels ranging from 

1 to 28 mg/kg in three patients per dose level.

Pharmacokinetics
Concentration versus time data from mice, rats, and cyno-

molgus monkeys were calculated by non-compartmental 

analysis using Phoenix WinNonlin 6.1 (Pharsight Corporation, 

Mountain View, CA, USA). Clearances, volumes of distribu-

tion, maximum concentration (C
max

), and area under the plasma 

concentration-time curves from zero to the last measurable point 

(AUC
last

) were determined. The elimination rate constant (k
e
) 

was estimated from the slope of the best-fit line determined by 

linear regression analysis of a log-transformed concentration-

time curve. The elimination half-life (t
1/2

) was then calculated 

by the equation t
1/2

= ln(2)/k
e
. Clearance was calculated as the 

dose divided by the AUC from time zero to infinity (AUC
inf

).

Determination of TTAC-0001 
concentration by enzyme-linked 
immunosorbent assay
The concentration of TTAC-0001 in serum samples from 

mice, rats, cynomolgus monkeys and humans were analyzed 

by ELISA. To measure the serum concentrations of TTAC-

0001, each well in a MaxiSorp 96-well microtiter plate 

was coated with 100 μL of 2.5 μg/mL recombinant KDR-

extracellular domain (Ig 1–3) (Pharmabcine, Daejeon, Korea) 

in 1× phosphate buffered saline (PBS), a pH 7.4 solution, 

incubated at 4°C for more than 12 h, and washed three times 

with a PBS/0.05% Tween-20 solution. Next, plates were 

incubated with 200 μL of blocking buffer per well (1× PBS, 

0.5% bovine serum albumin (BSA), 0.05% Tween 20, 0.05% 

Proclin300, 0.25% CHAPS, 0.2% BGG, 5 mM EDTA, 

0.35 M NaCl, pH 7.7) for 1 h. After washing the plate, assay 

calibrators were prepared by serial dilution of TTAC-0001 in 

blank serum (Biochemed Services, Winchester, VA, USA). 

Likewise, quality control solutions representing the LLOQ 

(lower limit of quantification), LQC (low quality control), 

MQC (middle quality control), HQC (high quality control), 

and ULOQ (upper limit of quantification) were prepared by 

diluting TTAC-0001 in blank serum. Serum samples were 

serially diluted from 1 to 50,000-fold in blank serum. Next, 

the prepared calibrators, quality controls, serum blanks, and 

samples were diluted with pre-determined factors of the 

minimum required dilution in dilution buffer (1× PBS, 0.5% 

BSA, 0.05% Tween 20, 0.05% Proclin300, 0.25% CHAPS, 

5 mM EDTA, 0.6 M NaCl, pH 8.9). A total of 100 μL of 

each component was then aliquoted in duplicate and incu-

bated at 25°C for 2 h. After washing, the plate was incubated 

with 100 mL of a detection antibody solution consisting of 

a horseradish peroxidase-conjugated goat anti-human IgG 

(heavy and light chains) antibody (Bethyl Laboratories, 

Montgomery, TX, USA) at a 1:2,000 dilution in a PBS/0.05% 

Tween-20 solution at 25°C for 2 h in dark conditions. After 

five washes with a PBS/0.05% Tween-20 solution, plates 

were incubated with 100 μL/well of freshly mixed 3,30,5,50-

tetramethylbenzidine chromogenic solution (BD Biosciences, 

San Jose, CA, USA) at 25°C for 5–20 min. Once the color 

changes were observed, the reaction was quenched by add-

ing 50 µL of a 2N H
2
SO

4
 stop solution to each well. Optical 

density was measured at 450 nm using a microplate reader 

(Molecular Devices, Sunnyvale, CA, USA), and the data were 

processed using Softmax Pro 5 G×P software (version 5.4.1; 
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Molecular Devices). Serum concentrations of TTAC-0001 

were interpolated from a 4-parameter logistic fit of the stan-

dard curve on the same plate.

The quantification range of the assay was 1.95–100 ng/mL 

for rat and cynomolgus monkey serum, 3.91–500 ng/mL for 

mouse serum, and 2.5–100 μg/mL for human serum. The 

minimum required dilution for the assay was 1:10 for serum 

from mice, Sprague Dawley rats, and cynomolgus monkeys, 

and 1:1,000 for human serum. The immunoassays for TTAC-

0001 described earlier have been previously validated, 

either fully or partially, and were performed in accordance 

with good laboratory practice regulations and Guidance for 

Industry: Bioanalytical Method Validation.

Allometric scaling
Pharmacokinetic data from mice, rats, and cynomolgus 

monkeys after IV administration were used to predict the 

pharmacokinetics of TTAC-0001 in humans using allometric 

scaling.18,19 Pharmacokinetic data were scaled using simple 

allometry based on species body weight:

	 Log Log Log  ( )   ( )Y a b W= + �

where Y is the pharmacokinetic parameter of interest (eg, 

clearance and volume of distribution elimination t
1/2

), W is 

the species body weight, a is the allometric coefficient, and 

b is the allometric exponent. The mean data from 3,  10, 

and 30 mg/kg doses of TTAC-0001 in mice, rats, and 

cynomolgus monkeys for clearance, volumes of distribution 

and elimination t
1/2

 data, and species weight were plotted on 

log coordinates. Linear regression was performed to fit the 

log-transformed data in order to estimate parameters a and b 

according to the aforementioned equation. Simple allometric 

relationships were used to predict the pharmacokinetics of 

TTAC-0001 in humans based on a body weight of 70 kg. The 

predicted and observed pharmacokinetics of TTAC-0001 in 

humans were also compared. We also calculated maximum 

life span (MLP)-corrected clearance and volume of distribu-

tion. The clinical pharmacokinetic data for TTAC-0001 was 

obtained from an initial single ascending dose (SAD) study 

in healthy subjects (n=3 per dose).17

Results
Biodistribution studies of TTAC-0001 
in mice
The concentrations of TTAC-0001 24, 48, 72, 120, and 168 h 

after administration in mice harboring melanoma xenografts 

were 1.33±0.46 ID%/g, 1.42±0.29 ID%/g, 0.80±0.46 ID%/g, 

0.44±0.25 ID%/g, and 0.25±0.24 ID%/g, respectively. The 

tumor to blood ratios of TTAC-0001 24, 48, 72, 120, and 168 h 

after administration were 0.37±0.06, 0.61±0.06, 0.90±0.62, 

0.76±0.35, and 0.78±0.15, respectively. The maximum 

tumor distribution of TTAC-0001 was reached 3 days after 

administration. The tumor to muscle ratios of TTAC-0001 24, 

48, 72, 120, and 168 h after administration were 1.47±0.51, 

2.43±0.50, 3.60±2.02, 3.28±1.28, and 3.17±1.47, respectively. 

The biodistribution of TTAC-0001 is shown in Figure 1.

Pharmacokinetics of TTAC-0001 in mice 
and rats
The pharmacokinetic parameters of TTAC-0001 in mice 

and rats are summarized in Table 1. Figure 2 shows a plot 

Figure 1 Biodistribution of TTAC-0001 in mouse xenograft model (K-562 cell-implanted female athymic BALB/c mice).
Abbreviations: ID, isotope distribution; S. Intestine, small intestine; L. Intestine, large intestine.
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of concentration versus time of TTAC-0001 in mice and 

rats. After an IV bolus administration, TTAC-0001 was 

eliminated in a biphasic manner. The terminal t
1/2

 was 

20 to 30 h, which accounted for 90% of the total AUC. The 

volumes of distribution for 3, 10, and 30 mg/kg in mice 

were 0.76±0.025 mL, 0.78±0.12 mL, and 0.48±0.0067 mL, 

respectively. Likewise, the respective volumes of distribution 

for 3, 10, and 30 mg/kg doses in rats were 10.24±1.45 mL, 

10.69±3.09 mL, and 14.22±3.88 mL, respectively. The clear-

ances for 3, 10, and 30 mg/kg in mice were 0.019±0.024 mL/h, 

0.017±0.0023 mL/h, and 0.020±0.0032 mL/h, respectively. 

Likewise, the respective clearances for 3, 10, and 30 mg/kg 

doses in rats were 0.37±0.021 mL/h, 0.35±0.0021 mL/h, and 

0.34±0.0041 mL/h. After an IV dose of 10 mg/kg TTAC-

0001, the clearance was 0.017 mL/h in mice and 0.35 mL/h 

in rats, with no evidence of dose-dependent influence on 

clearance. Dose proportionality for C
max

 and AUC
last

 was 

observed in both mice and rats (Figure 3).

Pharmacokinetics of TTAC-0001 
in cynomolgus monkeys
The pharmacokinetic parameters of TTAC-0001 in cynomol-

gus monkeys are summarized in Table 1. Figure 4 shows the 

concentration versus time of TTAC-0001 in cynomolgus mon-

keys. After IV bolus injection, the clearances for 3, 10, and 

30 mg/kg of TTAC-0001 in monkeys were 2.21±0.39 mL/h, 

2.19±0.35 mL, and 2.11±0.43 mL, respectively. Like-

wise, the respective volumes of distribution for 3, 10, and 

30 mg/kg doses were 69.01±5.34 mL, 93.62±32.79 mL, 

and 91.15±29.08 mL. TTAC-0001 was cleared from serum 

in a monophasic manner, with a terminal half-life of 22.08 

to 30.89 h. Dose proportionality for C
max

 and AUC
last

 was 

evident in monkeys (Figure 3).

Pharmacokinetics of TTAC-0001 
in humans
The pharmacokinetic parameters of TTAC-0001 in humans 

are summarized in Table 2. The parameters in the 1, 2, 

4, 8, 12, 16, 20, and 24 mg/kg groups were as follows: 

C
max

 (µg/mL) 26.34±0.70, 42.08±11.49, 86.49±21.59, 

133.47±28.83, 291.66±88.69, 277.76±73.42, 363.41±51.10, 

and 467.32±59.90 µg/mL; AUC
last

 (h⋅µg/mL) 1,017.53±76.29, 

2,366.51±1,574.55, 5,558.71±1,080.13, 8,977.79±2,496.22, 

1 6 , 7 6 5 . 2 4 ± 2 , 3 1 1 . 7 7 ,  1 7 , 4 2 9 . 7 6 ± 2 , 5 5 8 . 7 3 , 

23,220.31±3,005.24, and 34,254.49±7,375.69 h⋅µg/mL, 

respectively. Dose-proportional pharmacokinetic property 

was shown.T
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Figure 2 TTAC-0001 serum concentration versus time after IV administration in BALB/c mice (A) and rats (B). For mouse studies, each symbol represents an individual 
animal. For rat studies, the data are presented as the mean ± SD of six animals.
Abbreviations: Ln, natural logarithm; IV, intravenous.

Figure 3 Analysis of TTAC-0001 dose proportionality according to dose versus AUC/dose in (A) mice, (B) rats, and (C) monkeys. The linear regression line with the 85% 
confidence interval is shown.
Abbreviation: AUC, area under the curve.
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Allometric scaling
The allometric regression results are shown in Table 2 and 

Figure 5. The predicted pharmacokinetics of TTAC-0001 

in humans are listed in Table 2. Based on allometric scal-

ing, we predicted that the clearance of TTAC-0001 was 

102.45 mL/h, with a volume of distribution of 3,853.80 

mL. Using simple allometry, the values of the clearance 

coefficients a and b were 0.2437 and 1.0323, respectively. 

In the same manner, we found that the values of the a and 

b coefficients for volume of distribution were 3.8524 and 

1.0367, respectively. MLP-corrected clearance and volume of 

distribution were 72.92 mL/h and 2,743.70 mL, respectively. 

Lastly, we showed the comparison between predicted and 

observed clearance termina and volume of distribution of 

TTAC-0001 from a Phase I study in cancer patients.17 The 

predicted value of volume of distribution was found to be 

within the range of observed value, whereas the clearance 

was overestimated with simple allometry.

Discussion
The distribution of TTAC-0001 in tumor sites was sufficient 

to reach an effective dose in our study. The distribution of 

TTAC-0001 in lung and thyroid was relatively high. In our 

safety pharmacology study, we did not observe any drug-

related adverse events on assessing the general behavior, 

body temperature, respiration rate, respiration volume, 

electrocardiography, heart rate, and blood pressure.11 The 

main aim of our study was assessing the pharmacokinetic 

properties of TTAC-0001 following IV administration 

to BALB/c mice, Sprague Dawley rats, and cynomolgus 

monkeys. Plasma clearance, volume of distribution, and t
1/2

 

estimates were scaled by simple allometry. The lowest mean 

Figure 4 TTAC-0001 serum concentration versus time profile after IV administration 
in cynomolgus monkeys. The mean ± SD of three animals is presented.
Abbreviation: IV, intravenous.
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time to reach a maximum plasma concentration (T
max

) value 

of 0.25 h was observed in mice, while the highest value of 

2.0 h was observed in monkeys. The highest dose-normalized 

AUC was observed for mice, which by approximation was 

2.8-fold greater than the AUC of rats, which showed the 

lowest dose-normalized AUC. This observed species-specific 

difference in the dose-normalized AUC may have been due 

to differences in tissue binding.

Interspecies allometric scaling is a common method of pre-

dicting human pharmacokinetics necessary for dose selection 

in first-in-human studies. Mahmood and Balian reported that 

three or more preclinical species are adequate for reliable 

scaling by allometry.20 In addition, allometric scaling has 

been applied successfully with several antibodies.21 In the 

current study, we utilized estimates from three different spe-

cies. Allometric exponents generally range from 0–1, but in 

some cases may be higher12,15 or even negative.19

The simple allometric exponent for the clearance of 

TTAC-0001 in the present study was 1.0323, which is differ-

ent from the mechanistically similar drug rhuMAb VEGF.19 

Figure 5 Linear regression analysis of log-transformed plasma clearance (A) and volume of distribution (B) for BALB/c mice, rats, and monkeys versus the corresponding 
log-transformed animal body weight following administration of TTAC-0001 at doses of 3, 10, or 30 mg/kg.
Abbreviations: Vd, volume of distribution; BW, transformed animal body weight.
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Alternatively, compared to the values of other antibody-derived 

drugs predicted by allometry, scaling has not been useful for 

bevacizumab, which has a reported CL, volume of distribu-

tion, and t
1/2

 of 0.21 mL/h, 0.077 L, and 0.053 h, respectively. 

Indeed, while the predicted value of bevacizumab clearance 

is 2.4 mL/day, the observed value in humans is 4.3 mL/day. 

Returning to TTAC-0001, allometry analysis gave a predicted 

value of 102.45 mL/h, while the observed value in humans was 

half of this value. However, we applied a correction by mul-

tiplying CL by MLP, which we considered may improve the 

human CL determination. The MLP-corrected CL value was 

72.92 mL/h, which closely approximated the corresponding 

observed values. Based on the rule of exponents, the clear-

ance using MLP-corrected allometric scaling is preferred. We 

considered both values in designing the first-in-human study 

to prevent the adverse drug events. In the past reports, human 

clearance was about twofold slower than the corresponding 

cynomolgus monkey clearance.22 Applying this rule to our 

study, this gives more accurate predicted value of clear-

ance (0.504 mL/h). The observed clearance per weight was 

0.69 mL/(h*kg). We can consider this rule in a future study.

In conclusion, we investigated the pharmacokinetics of 

TTAC-0001 in mice, rats, and cynomolgus monkeys after 

IV administration. At the doses studied, TTAC-0001 exhib-

ited dose proportionality in mice and monkeys. The scaled 

pharmacokinetics of TTAC-0001 reported here was useful 

for designing first-in-human studies. Allometric scaling in 

the therapeutic antibody is feasible.
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